' T ' H E R E is little reference in the literature to post-JL operative pulmonary complications in children; the impression given is that such complications are rare in pasdiatric surgery. This article is based on an investigation of a series of 909 consecutive operations for appendicitis performed on children under 16 years of age at Alder Hey Children's Hospital during the three years 1946 to 1948 inclusive. Although several series of cases of appendicitis in children have been published during the last twenty years, none has been found giving any detailed analysis of chest complications following operations for this condition. The surprising fact emerging from the present investigation is the unusually high incidence of "post-operative chests". It must be stated, however, that the majority of these operations were emergency procedures, and that a large number of anaesthetics were given by House Physicians relatively unskilled in the administration of anaesthetics.
Of the 909 patients, 71 suffered from some chest complication post-operatively. A summary of these is shown in Table I . It should be added that every pathological chest condition, however slight, has been recorded and included in this table. The 20 cases of simple bronchitis were diagnosed by a slight cough and some rhonchi on auscultation. The large number of consolidations of one or more lobes (a total of 34) were all diagnosed on clinical and radiological evidence. Usually, repeated pictures were taken to show the progress of the disease. The same holds good for the 12 cases of pulmonary collapse. There was one lung abscess and two cases of empyaema, which will be discussed in more detail later. The total percentage of chest complications was 7.81, which is much higher than the number of chest complications recorded in most large series of appendicectomies in adults. For instance, Morse and Rader (1940) reporting 8,727 cases of appendicectomies of all ages found post-operative respiratory complications in only 1.35 per cent of the 6,641 appendicectomies performed under general anaesthesia, and only 0.1 per cent respiratory complications in the 1,900 appendicectomies performed under spinal anaesthesia. Jennings (1942) reported only 25 cases of pulmonary complications following 1,680 consecutive appendicectomies, and the same low incidence of res-
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British Journal of Anaesthesia piratory complications is described by several other workers. All these articles, however, mention only the more severe grades of post-operative chest complications, and undoubtedly the percentage would be much higher if they had included every case of bronchitis, however slight. The only similar series in children which could be found in the literature is that of Allen in 1937. He reported on 612 consecutive operations with 26 pneumonias and 2 empysemas. There were 3 deaths due to chest complications. His figure for the most severe chest complications, 4.7 per cent, is in the same range as the 5.5 per cent in the present series. It seems, therefore, that post-operative complications in children are much more common than has been realized, and certainly more common than in adults.
FACTORS WITH A POSSIBLE AETIOLOGICAL BEARING
In order to study all the factors which might have a possible aetiological bearing on the production of postoperative chest complications, the following details have been compiled from this series. Age. Table II shows the cases grouped according to age into three categories. This grouping makes the most of such Post-operative Chest Complications 71 difference as there is in the age incidence of complications in the whole series. The differences are not statistically significant.
Sex.
Of the 909 patients 533 were boys and 376 girls, which is slightly less than a proportion of 3 to 2. The total number of patients who suffered from chest illness after operation was 71, of whom 51 were boys and 20 were girls. The percentage incidence among boys was thus 9.6 and among girls 5.3. This is not a significant difference.
Pre-operative Respiratory Disease. Sixty-eight of the 909 patients operated upon were admitted to hospital suffering from some sort of respiratory infection varying in severity from nasopharyngeal catarrh to basal pneumonia. In the latter cases acute peritonitis was usually present. Of these 68 patients 19 subsequently presented signs of persistent chest infection, an incidence of 28 per cent. The 841 patients who had no previous respiratory infection were correspondingly less afflicted post-operatively. Only 52 of these developed chest trouble, an incidence of 6.2 per cent. In spite of the "skewness" of distributions these figures can be compared and the difference is found to be highly significant. Perhaps this is not surprising.
Seasonal Incidence. Table III shows the monthly attack rate of chest complications. If these figures are arranged in two groups whose centres correspond with the summer and winter months a highly significant difference in mean attack rate is encountered. In the period November to May the incidence is 10.5 per cent, whilst in June to October it is nearly 4 per cent. Patients admitted during the winter months are more likely to have pre-operative respiratory disease and perhaps are not in such good general condition as those admitted towards the end of summer. Anesthetics. The majority of operations were performed with open ether as an anaesthetic. Out of a total of 909, 30 children had thiopentone, 18 had trichlorethylene, oxygen and nitrous oxide, and 6 very ill children had only local procaine. If we consider the 71 chest complications we find that 66 had open ether, 1 had thiopentone, 2 had trichlorethylene and in 2 local anaesthesia was used. The number of anaesthetics other than open ether used is so small that the contribution, if any, of different anaesthetic agents to the causation of chest complications, cannot be deduced.
Severity of Appendicitis. Three hundred and twentyeight of the patients had perforated appendices and 35 (10.7 per cent) of these developed chest complications after laparotomy. This ratio exceeds significantly the 7.8 per cent found for the whole series. The types of complication are shown in Table IV , where it will be seen that nearly 75 per cent of the complications found were serious. These findings bear out the hypothesis, adverted to earlier, that serious inflammation below the diaphragm predisposes to serious post-operative complications above.
MORTALITY
The total number of deaths in this series of 909 operations was 14, a mortality of 1.5 per cent. There were no deaths amongst the 581 operations for simple appendicitis. All the deaths occurred amongst the 328 cases of appendicitis with perforation. The mortality rate compares very favourably with other series reported in the literature. Norris (1946) , reporting a series of 960 operations for appendicitis in children, had a mortality of 4.75 per cent for the non-perforated and of 17 per cent for the perforated cases. Green and Watkins (1940) found that although the overall mortality for all age groups was 2.89 per cent, the mortality for children under 10 years was much higher. The death rate was 5 per cent at the age of 8 years, 15 per cent at the age of 5 years, and 35 per cent at the age of 2 years. Potts (1938), reporting a series of 92 appendicectomies performed in childhood, showed a mortality of 1 per cent for simple and 16.3 per cent for ruptured appendices. Jennings's British Journal of Ansesthesia (1942) mortality for appendicectomy in childhood was 4.72 per cent and Anderson's (1944) mortality under the age of 3 years was 3 per cent. The low mortality in the present series bears out the statement of Schullinger (1947) that the mortality following appendicectomy has been rapidly falling in the last few years. Of our 14 deaths only one had a chest complication (empyaema) which was partly responsible for his death.
TREATMENT
The standard treatment for the more severe chest complitions was chemotherapy and breathing exercises. Of the 12 cases of collapse only one needed bronchoscopic suction, all others re-expanded quickly without that treatment.
CASE REPORTS
(1) Post-operative Lung Abscess. Recovered.
A girl aged 10 years was admitted with a three-days history of abdominal pain and vomiting. Chest clear. The diagnosis was an appendix abscess. The appendix was removed and the abscess drained on the day of admission. She was very ill after operation and needed intravenous fluids. She then developed an intraperitoneal abscess, which drained, three weeks after admission. Following the operation she had two pints of blood. Four weeks after admission she complained of sudden pain in the right chest, coughed up foul-smelling sputum and had signs of consolidation at the right base. Radiological examination showed a rightsided pleural effusion and several abscess cavities in the right lower lobe. The child was put on systemic penicillin and had postural drainage and breathing exercises. The abscesses emptied into the bronchus and cleared up very satisfactorily without operative treatment. On discharge three months after admission the chest X-ray was normal. Culture of sputum yielded penicillin-sensitive non-haemolytic streptococci and M. catarrhalis.
(2) Post-operative Empycema following Subphrertic Abscess. Recovered. A girl aged 3 years was admitted with a history of abdominal pain and vomiting for 24 hours. Chest clear. The diagnosis was general peritonitis. The appendix was removed and the peritoneal cavity drained. Two weeks later she developed a right subphrenic abscess. This was drained extrapleurally. She then developed a right-sided empyasma, which was drained. Her recovery was satisfactory. When discharged two months after admission the radiographs showed the chest to be quite clear. Pus from the empyaema grew pure B. coli on culture.
(3) Post-operative Empyeema, Subphrenic Abscess and Fcecal fistula. Died. A girl aged 8 years was admitted with a history of abdominal pain and vomiting for three days. On admission she was very ill and had faeculent vomiting. The diagnosis was general peritonitis. The appendix was removed and the peritoneal cavity drained. She was very ill after operation and needed intravenous fluids. Ten days later X-rays of the chest showed consolidation of the right lower lobe. Thirteen days after admission X-rays showed a right-sided pleural effusion with a fluid level. The effusion was aspirated. There were many mixed organisms in the fluid, but the culture yielded no growth. Two days later aspiration yielded 300 ml. of pure B. coli pus. Seventeen days after admission she developed a left-sided pleural effusion, which was aspirated.
Nineteen days after admission she developed a faecal fistula in the right iliac fossa. The right empyaema was drained by rib resection a week after aspiration and it only then became evident that she also had a right subphrenic abscess which was drained extrapleurally. She had two pints of blood postoperatively. She died of toxaemia and heart failure 4 weeks after admission.
SUMMARY
A series of 71 chest complications following 909 consecutive operations for appendicitis in children is analysed. There is a surprisingly high incidence of post-operative respiratory complications in children suffering from appendicitis. Possible aetiological factors are discussed and analysed. One case of lung abscess and two cases of empyaema following operation are discussed in more detail.
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